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COMPOSITE HIGHTC SUPERCONDUCTOR 
FILM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to Superconductor materials. 
2. Description of the Related Art 
Superconductor materials are gaining ever increasing 

attention for their ability to carry Significantly large currents 
without resistance. Even at high frequencies well into the 
microwave regime and at large current levels, these mate 
rials can exhibit negligible dissipation. The So-called high 
temperature Superconductors are especially important for 
many applications because they can exhibit Such properties 
attemperatures of 77 Kor higher. One promising application 
for these materials is in the form of epitaxially grown 
Superconductor thin films for use in WireleSS communication 
Systems, both Satellite and ground based. 
The high temperature Superconductors are generally 

anisotropic oxide materials. In a crystal of a typical high 
temperature Superconductor, Say YBa-Cu-Oz, currents are 
readily carried in the 'a' or b crystallographic directions 
while the 'c' direction can only Sustain a Small current 
without significant dissipation. Many other high temperature 
Superconductor materials are even more anisotropic. AS a 
result, optimal current-carrying capacity in a film requires an 
orientation of the 'c' axis everywhere perpendicular to the 
substrate. This geometry enables the current to flow in the “a 
and “b directions only. Even with the proper alignment of 
the 'c' axis, the alignment of the 'a' and “b directions is 
relevant for the current-carrying capacity. In Some 
applications, it may be preferable for the 'a' and “b direc 
tions to be consistent throughout the film, although for 
YBaCuO7, and many other high temperature 
Superconductors, this may lead to different properties in the 
'a and 'b' directions. Large currents can also be carried if 
the 'a' and b directions occasionally interchange via a 
mechanism called “twinning. It is generally considered not 
desirable to have other relative orientations of the 'a and ‘b’ 
directions in different parts of the film since these lead to 
large angle grain boundaries which are found to decrease the 
current carrying capacity of the film. 

Typically, as these films are grown their outer Surface 
tends to roughen. This can be due to particulates attaching to 
the film during growth or the nucleation of undesired 
orientations. Even if Such difficulties are avoided the Surface 
will tend to roughen as it grows and can be characterized by 
a Series of peaks and Valleys. This is usually attributed to a 
“spiral growth mode” known to be typical for these mate 
rials. In Such films, regardless of the height of the peaks, the 
current is limited by the thickness in the valleys. Further, any 
current carried or induced near the Surface of a peak must 
necessarily travel in the 'c' axis direction to pass through a 
valley. 

Moreover, attempts to continue the growth proceSS and 
increase the useful thickness have progressively diminishing 
returns thereon Since the peaks tend to gain height at the 
expense of the Valleys. In other words, the Valleys do not See 
a commensurate increase in height. 

In addition to reducing the current carrying capacity, 
rough films have other undesirable properties. These include 
increased microwave Surface resistance and increased elec 
trical noise. Such defects in the films will also make pat 
terning the film difficult and hamper the film development of 
more complicated multi-layer Structures on top of the Super 
conducting film. 
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2 
It is an object of the present invention to provide novel 

Superconductors. 

SUMMARY OF THE INVENTION 

Briefly stated, the invention involves a method of forming 
a Superconductor, comprising the Steps of: 

providing a Substrate; 
exposing the Substrate to a first atmosphere, including 

precursors to form a first epitaxial layer Segment, 
exposing the first layer Segment to a Second atmosphere, 

including precursors to form a Second epitaxial layer 
Segment, and 

exposing the Second layer Segment to a third atmosphere 
including precursors to form a third epitaxial layer 
Segment, 

wherein each of the first and third layer Segments are each 
formed from a Superconductor material and the Second 
layer Segment is formed from a material different from 
the first and third layer Segments, 

wherein the first, Second and third layer Segments have a 
collective thickness, the third layer Segment having an 
Outer Surface with a roughness which is less than that 
of a single layer of the Superconductor material with a 
thickness equal to the collective thickness. 

In another embodiment, there is provided a composite 
Superconductor film applied to a Substrate, the film having a 
thickness of at least 5000 Angstroms and an outer surface 
having an average roughness not exceeding 250 Angstroms. 

In another aspect of the present invention, there is pro 
Vided a layer of Superconductor materials, the layer having 
a current carrying capacity and an inner discontinuous 
epitaxial region formed in the presence of dielectric precur 
Sor materials and at a concentration So as not to Substantially 
reduce the current carrying capacity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Several preferred embodiments of the present invention 
will now be described, by way of example only, with 
reference to the appended drawings in which: 

FIG. 1 is an Atomic Force Microscope (hereinafter 
referred to as “AFM”) image of a Superconductor sample 
(5000 A); 

FIG. 2 is an AFM image of another sample (5000 A); 
FIG.3 is an AFM profile of the sample shown in FIG. 1 

(5000 A); 
FIG.4 is an AFM profile of the sample shown in FIG.2 

(5000 A); 
FIG. 5 is an AFM profile of still another superconductor 

sample (8000 A); 
FIG. 6 is an AFM profile of yet another sample (8000 A); 

and 

FIG. 7 is a comparative plot of critical current density 
versus temperature for the samples illustrated in FIGS. 5 and 
6. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As will be described herein below, there is provided a 
method of forming a Superconductor, comprising the Steps 
of: 

providing a Substrate; 
exposing the Substrate to a first atmosphere, including 

precursors to form a first epitaxial layer Segment, 
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exposing the first layer Segment to a Second atmosphere, 
including precursors to form a Second epitaxial layer 
Segment, and 

exposing the Second layer Segment to a third atmosphere 
including precursors to form a third epitaxial layer 
Segment, 

wherein each of the first and third layer Segments are each 
formed from a Superconductor material and the Second 
layer Segment is formed from a material different from 
the first and third layer Segments, 

wherein the first, Second and third layer Segments have a 
collective thickness, the third layer Segment having an 
outer Surface with a roughness which is less than that 
of a single layer of the Superconductor material with a 
thickness equal to the collective thickness. 

In another embodiment, there is provided a composite 
Superconductor film applied to a Substrate, the thin film 
having a thickness of at least 5000 Angstroms and an outer 
Surface having an average roughneSS not exceeding 250 
Angstroms. 

The term ‘epitaxial is intended to mean that the position 
of the atoms in each layer is Substantially determined by the 
position of the atoms in the preceding layer. This does not 
preclude the possibility of occasional defects Such as 
vacancies, pinholes, twin boundaries and dislocations that 
are known to occur in Such Systems. 
The term “layer segment is used herein to refer to the fact 

that, though formed expitaxially, the individual layer Seg 
ments may, for example, present themselves both optically 
and electrically as a single crystal thin film and therefore 
may have no Substantially discernable features to Set them 
apart. 
The term film is intended to include those generally 

referred to as 'thick films and “thin films, the latter whose 
thicknesses usually do not exceed 5000 Angstroms. 

Preferably, the Second layer Segment is discontinuous. In 
other words, the Second layer Segment may take the form of 
islands on the first layer Segment, or instead have pinholes 
or inclusions. The first and third layer Segments are formed 
from either the same or different oxide Superconductor 
material and the first, Second and third layer Segments have 
a collective current density which is Substantially equal to 
the current density of the first layer Segment. More 
preferably, the oxide Superconductor material is a high 
temperature Superconductor, and Still more preferably a 
copper-oxide Superconductor. 

The Second layer Segment may be formed from an oxide 
material, including an insulator material or a Superconductor 
material. Preferably, the insulator material is a dielectric 
material Selected from a group comprising SrTiO, LaGaO, 
PrCaO, NdCaO, SriLaGaO, CeO2, La AlO, LaSrAlO. 
More particularly, the dielectric material is BaSr TiO, 
(hereinafter referred to as “BSTO). 

Preferably, the Superconductor material is selected from 
the group comprising RBa-Cu-Oz, wherein R is a rare 
earth, or a TI-, Pb-, Bi- or Hg-based copper-oxide Super 
conductor materials, Such as for example Y-Ba-Cu-O, 
Bi-Sr-Ca-Cu-O, Tl-Ba-Ca-Cu-O. More 
particularly, the copper-oxide Superconductor is 
YBa-Cu-Oz (hereinafter referred to as YBCO). 

The Second layer Segment may or may not cover the entire 
outer Surface of the first layer Segment. The Surface of the 
Second layer Segment may or may not be Smoother than the 
outer Surface of the first layer Segment. This will depend on 
the extent of growth of both layer Segments. 

In one embodiment, the first and third layer Segments 
have a cumulative thickness and the current-carrying capac 
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4 
ity of this cumulative thickness should be greater than the 
current-carrying capacity of the first layer Segment and 
roughly proportional to the cumulative thickness. In other 
words, the critical current density for the first layer Segment 
and for the cumulative thickness of the first, second and third 
layer Segments should be Substantially equal. 

If desired, the growth of the third layer Segment may be 
continued until its outer Surface becomes rough. The third 
layer Segment may then be re-exposed to a fourth atmo 
Sphere to form a fourth layer Segment, and So on to provide 
films with arbitrary cumulative thicknesses. 

In one embodiment, a first Superconductor layer Segment 
is epitaxially grown on a Substrate. During this growth, the 
Surface of the first Superconductor layer Segment becomes 
relatively rough and forms a pattern of peaks and Valleys. At 
Some Stage in the process, further growth becomes non 
beneficial because the peaks become Still higher without 
corresponding growth in the Valleys. In this case, the first 
Superconductor layer Segment has a current carrying capac 
ity which can be defined as Some function of the current 
density as well as the croSS Sectional area of the current 
channel, that is the channel between the Substrate and the 
lowest valley. 

It has been found that additional epitaxial growth can be 
carried out on the Surface of the first Superconductor layer 
Segment under certain conditions So as to, in effect, fill in 
the valleys thereon. In other words, the conditions of further 
epitaxial growth are Selected in Such a manner that the 
epitaxial growth occurs at a greater rate in the Valleys than 
on the peaks. In one preferred embodiment, a Second layer 
Segment of dielectric material is epitaxially grown on the 
Surface of the first Superconductor layer Segment. The pres 
ence of this dielectric layer segment is found to influence the 
growth of a third Superconductor layer Segment Such that the 
outer Surface of the third layer Segment is Smoother than the 
outer Surface of the first Superconductor layer Segment. 
Moreover, the surface of the third superconductor layer 
Segment is also found to be of higher quality while the 
Second Superconductor layer Segment is capable of carrying 
current densities equivalent to the first layer Segment. 

In Some applications, it may be preferred to use relatively 
thick dielectric layer Segments, Such that the first and third 
Superconductor layer Segments are isolated from each other 
by a continuous Second dielectric layer Segment. However, 
in Some instances, it is infact desirable to have physical and 
electrical connections between the first and third Supercon 
ductor layer Segments. In one preferred embodiment, this 
connection may arise due to particulates in the first Super 
conductor layer Segment or pinholes in the Second dielectric 
layer Segment. In the latter case, the third Superconductor 
layer Segment is then deposited on the Second dielectric 
layer Segment in most places as well as in the pinholes, 
thereby making the direct connection to the first Supercon 
ductor layer segment. These filled-in pinholes have the 
effect of Shorting out the adjacent Superconductor layer 
Segments through the Second insulating dielectric layer 
Segment, creating a situation in which the first and Second 
Superconducting layer Segments in the composite material 
are thus electrically connected. 

In another preferred embodiment, the Second layer Seg 
ment is grown to be thin enough and under Suitable condi 
tions to form “islands of dielectric material on the first 
Superconductor layer Segment. The third Superconductor 
layer Segment is then grown epitaxially on the Second layer 
Segment, resulting in a Single composite Superconducting 
film, that is with dielectric interstices embedded within it. 
Moreover, the process of introducing dielectric material 
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between the Superconductor layer Segments can be repeated 
many times, to increase the thickness of the resulting Super 
conducting film still further. 

In yet another preferred embodiment, the Second layer is 
of an electrically conducting oxide material. This conduct 
ing oxide may or may not be a high temperature Supercon 
ductor. A Second Superconductor layer Segment provides a 
Significantly improved electrical continuity between the first 
and third Superconductor layer Segments provided the ambi 
ent temperature is below the critical temperature of all the 
Superconductor materials in the film Structure. 

If desired, the first, Second and third layer Segments may 
be arranged to form together a signal crystal layer, with a 
Single current carrying channel. Remarkably, this provides a 
Substantial increase in current carrying capacity and appar 
ently the presence of the resulting dielectric interstices do 
not seem to impair the current density for the material. 

In one exemplified embodiment, a first layer Segment of 
YBCO is epitaxially grown on LaAlO. A BSTO second 
layer Segment is grown on the YBCO first layer Segment and 
a YBCO third layer segment is then grown on the BSTO 
Second layer Segment. This procedure continues until a 
Superconductor is achieved with the desired thickness 
therein. 

The present technique may be applied to any of the high 
temperature Superconductors. This includes materials 
Selected from the group comprising RBa-Cu-Oz, wherein R 
is a rare earth, or a Tl-, Pb-, Bi- or Hg-based copper-oxide 
Superconductor materials. The oxide material chosen may be 
either insulating, conducting or Superconducting. However, 
preferred choices are insulating or Superconducting to avoid 
increasing losses during use in microwave Systems. The 
oxide material will typically be well lattice matched to the 
Superconductor material in the plane of the film. The oxide 
material may be chosen from one of the other high tem 
perature Superconducting Systems. 

Embodiments of the present invention will be described 
with reference to the following Examples which are pre 
Sented for illustrative purposes only and are not intended to 
limit the Scope of the invention. 

EXAMPLE 1 FORMATION OF THIN FILMS 

Several Superconductor thin film Samples were prepared 
as follows: 

Substrate: La AlO, 0.5 millimeters (mm) thick, both sides 
polished, and purchased from LITTON-AIRTRON: 

Targets: YBaCuO (YBCO): 99.999% purity, pur 
chased from SUPERCONDUCTIVE COMPONENTS 
INC. 

BaSr TiO (BSTO): 99.999% purity, (produced 
according to well known methods) 

The Samples were formed using the technique known as 
“Pulsed Laser Deposition” (A. W. McConnell et al. 
PHYSICA C225, 7 (1994)), using an Excimer Laser, accord 
ing to the following conditions: 

Frequency: 248 nanometers (nm), 
Laser Repetition Rate: 2 Hz; 
Growth Rate: YBCO: 2.2 A sec; 
BSTO 2.0 A?see; 

Vacuum Chamber Base Pressure: 1x10, Torr; 
Oxygen pressure during growth: 225 Millitorr (mtorr); 
Oxygen flow rate during growth: 2.5 SCCM; 
Oxygen preSSure after growth: /2 atm; 
Growth temperature: 790° C.; 
LaAlO Substrates were attached to the Surface of a 

furnace using a conductive gold paste. The paste was 
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6 
allowed to dry for at least one hour. The furnace was then 
placed in a growth chamber and then evacuated to a vacuum 
level of 1x10'Torr. Once the base pressure was achieved, 
the furnace was heated to the growth temperature. Oxygen 
was then allowed to flow through the chamber at a rate of 2.5 
SCCM achieving a pressure of 225 mtorr. Contaminants on 
the surface of both the YBCO and BSTO targets were 
removed by allowing the laser to vaporise its Surface. A 
Shutter was used to prevent this material from landing on the 
Substrate. When this cleaning process was complete, the 
Shutter was opened and the temperature was allowed to 
Stabilize, and the first Superconductor layer Segment was 
grown. The laser was then turned off and the dielectric target 
was positioned in the laser beam's path. The dielectric layer 
was then deposited to form a Second layer Segment. The 
YBCO target was then repositioned in the laser beam's path 
and the third layer Segment was grown. This procedure is not 
limited to one regrowth but can be repeated a number of 
times depending on the number of layer Segments required. 
Once the growth proceSS was complete, the chamber was 

filled to a pressure of /2 atmosphere and the furnace was 
turned off. The Sample cools to room temperature over a 
period of two hours. 
The following Samples were produced: 
1a) YBCO 3000 A/BSTO 300 A/YBCO 2000 A/LaAIO, 

Substrate 

1b) 5000 A YBCO/LaAIO, Substrate 
2a) YBCO 3000 A/BSTO 300 A/YBCO 3000 A/BSTO 

300 A/... YBCO 2000 A/LaAIO, Substrate 
2b) 8000 AYBCO 
The above four thin films are illustrated in the FIGS. 1 

through 6. 
X-ray analysis indicates that under these grown 

conditions, the YBCO layer segment grows in an (001) 
orientation (c-axis perpendicular to the Substrate) and that 
the BSTO layer segment grows in a (100) orientation. These 
are the orientations needed for an epitaxial relationship 
between the Substrate, Superconductor and dielectric. The 
data herein indicates that the Second and Subsequent layer 
Segments of Superconductor or dielectric maintain an epi 
taxial relationship. 

Comparative resistivity measurements were conducted on 
composite films set out in 1a, 2a and the conventional YBCO 
films in 1b, 2b. These experiments were carried out using the 
well known van der Pauw technique (J. Van Der Pauw, 
PHILLIPS RES. REP 13, 1 (1958)). These measurements 
indicate that the presence of the dielectric material inter 
Stices lowers the critical temperature slightly, by less than 2 
degrees. The absolute value of the resistance measured 
corresponds to the total cumulative thickness of the com 
posite films, which is believed to indicate that the different 
YBCO layer segments are electrically connected through the 
filling in of pinholes in the BSTO layer segments. It has also 
been noted that the density of pinholes in the BSTO layer 
Segments can be varied via modification of the growth 
temperature. 
The critical current for samples 2a and 2b described above 

was measured using a non-contact inductive technique as Set 
out in Claussen et al. REV. SCI. INST. 62 (1991) 996. 
Because of the thickness of the films, the measuring appa 
ratus used herein was not able to induce currents approach 
ing the critical current at 77 K for these films. However at 
higher temperatures the critical current is reduced, falling to 
Zero at the critical temperature for the Superconductor. The 
critical current densities for the two films at 77 K were 
extrapolated by measurements taken at a variety of tempera 
tures as shown in FIG. 7. For the composite film, 2a, the 
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critical current density at 77 K was estimated to be approxi 
mately 3x10 Amperes per Square cm, more than a factor of 
2 greater than the value obtained for 2b. 

This improvement in the critical current density for the 
composite film compared to the conventional film is attrib 
uted to the improved Smoothness of the composite film. 
Atomic force microScopy measurements over a typical 10 
micron Strip of the film 2a indicated a film with average 
roughness of 98 Angstroms and maximum deviations of 
1100 Angstroms. Remarkably, it appears possible to con 
tinue this process to grow very thick films. For example, a 
thick film has been grown using the techniques described 
herein with a cumulative thickness of 2 microns which has 
an average roughness of 140 Angstroms and maximum 
deviations of 1100 Angstroms. 

These results demonstrate that films Several microns in 
thickneSS are achievable with average roughnesses of leSS 
than 200 Angstroms. These films have an epitaxial relation 
ship to the Substrate and current densities comparable to 
high quality thin films. To illustrate, a 1 cm Strip of Such a 
film with a thickness of, say, 10 microns should in theory be 
capable of conducting about 3000 Amperes without signifi 
cant dissipation at a temperature of 77 K. 

The term Average Roughness means the average value 
of the absolute deviation of a surface from a perfectly flat 
surface. The maximum deviations were determined by dif 
ference in height between the lowest Valley and the highest 
peak over a typical 10 micron Strip on the Surface. 
We claim: 
1. A composite high temperature Superconductor film 

applied to a Substrate, Said film is applied having a thickneSS 
of at least 5000 Angstroms and an outer Surface having an 
average roughneSS not exceeding 250 AngStroms. 

2. A film as defined in claim 1, further comprising a 
plurality of layer Segments, with one of Said layer Segments 
applied to Said Substrate. 

3. A film as defined in claim 2 wherein said plurality of 
layer Segments includes first, Second and third layer 
Segments, Said first layer Segment being applied to Said 
Substrate, each of Said first and third layer Segments being 
formed from a Superconductor material and Said Second 
layer Segment lying between Said first and third layer 

5 

15 

25 

35 

40 

8 
Segments and being formed from a material different from 
Said first and third layer Segments. 

4. A film as defined in claim 3 wherein said first, second 
and third layer Segments have a collective current density 
which is Substantially equal to the current density of Said 
first layer Segment. 

5. A film as defined in claim 4 wherein said second layer 
Segment is discontinuous. 

6. A method as defined in claim 5 wherein said first and 
third layer Segments are formed from the same or different 
oxide Superconductor material. 

7. A composite high temperature Superconductor film 
applied to a Substrate, Said film as applied having a thickness 
of at least 5000 Angstroms and an outer Surface having an 
average roughneSS not exceeding 250 Angstroms, Said film 
including first, Second and third layer Segments, Said first 
layer Segment being applied to Said Substrate, each of Said 
first and third layer Segments being formed from the same or 
different oxide Superconductor material, Said Second layer 
Segment being discontinuous and formed from a material 
different from Said first and third layer Segments, wherein 
Said first, Second and third layer Segments have a collective 
current density which is Substantially equal to the current 
density of Said first layer Segment. 

8. A film as defined in claim 7 wherein said Supercon 
ductor is a copper-oxide Superconductor. 

9. A film as defined in claim 8 wherein said second layer 
Segment is formed from an oxide material. 

10. A film as defined in claim 9 wherein the oxide material 
of Said Second layer Segment is an insulator material or a 
Superconductor material. 

11. A film as defined in claim 10 wherein said insulator 
material is a dielectric material Selected from the group 
consisting of SrTiO, LaGaO, PrCaO, NdCaO, 
SrLaGaC), CeO, LaAlO and LaSrAlO. 

12. A film as defined in claim 10 wherein said Supercon 
ductor material is Selected from RBa-Cu-Oz, wherein R is 
a rare earth, or a Tl-, Pb-, Bi- or Hg-based copper-oxide 
Superconductor materials. 


